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Epidemiological studies have demonstrated that exposure to particulate air pollution is associated with several 
adverse health effects. Recently, interest has focused on ultrafine particles (UFPs, diameter ≤ 100 nm), due to the 
adverse health effects caused by their ability to induce inflammation and deposit in secondary organs [1]. These 
effects are much more pronounced in children because they inhale a higher dose of UFPs relative to both lung 
size (when compared with adults) [2] and increased breathing rates, since they are generally more physically 
active than adults [3].  
 
Children are exposed to airborne particles from a range of indoor and outdoor sources. In order to perform an 
exposure assessment, different spatial scales can be used, with the most common approach assuming that each 
person in a given region has the same exposure level, which is often based on measurements from a few air 
quality monitors and reflects the mean concentrations in the entire urban area or community. This approach 
could lead to significant errors in the estimation of individual exposure to air pollutants, because actual exposure 
is strongly related to the overall lifestyle of an individual.  
 
The current work was carried out within the international project titled “Ultrafine particles from traffic emissions 
and children’s health (UPTECH)” (International Laboratory for Air Quality and Health, Queensland University 
of Technology, Brisbane, Australia), which is being undertaken in response to the lack of epidemiological results 
concerning the effects of exposure to UFPs emitted by motor vehicles on children's health in schools 
(http://www.ilaqh.qut.edu.au/Misc/UPTECH%20Home.htm). This paper deals with the children's individual 
exposure to UFPs, in order to identify the activities and microenvironments that make the greatest contribution 
to a child’s average daily dose. Given that short-term exposure may contribute significantly to average daily 
exposure, the daily dose of alveolar and tracheobronchial deposited surface area, together with daily exposure to 
particle number concentration was measured for over 100 Italian and 137 Australian children. Additionally, a 
detailed study of each child's daily activity patterns was conducted based on the Global Positioning Systems 
(GPS) and diaries carried by each child. 
 
Based on the time duration of each activity, the corresponding average particle number concentration, diameter, 
and deposited alveolar and tracheobronchial surface area concentrations were calculated. The dose (in terms of 
deposited alveolar or tracheobronchial surface area) received by 8-11 years old children in each 
microenvironment/activity was determined by multiplying the alveolar and tracheobronchial surface area ( ) 
for the time spent ( ) in the jth microenvironment and the inhalation rate ( ) corresponding to the 
activity carried out [4]. Then, we added the partial doses to estimate the daily total deposited alveolar and 
tracheobronchial surface area (dose), , as reported in eq. (1). 
 
         (1) 
 
 Inhalation rates for the different activities were adopted on the basis of the US EPA approach [5], ranging from 
0.3 m3 h-1 during sleeping and resting to 1.4 m3 h-1 during sporting activities. 
 
The mean individual exposure to particle number concentration was found to differ between Italian and 
Australian children, ranging from 1.6×104 part. cm-3 to 6.2×104 part. cm-3 for Italian children and from 2.2×103 
part. cm-3 to 3.8×104 part. cm-3  for Australian ones. 
 
The major contributions to the daily dose are given for Italian children by cooking activities and transportation 
(Fig.1). For Australian children critical microenvironments were the outdoor during school time, cooking and 
eating times at home and transportation, respectively. 
 
The daily dose of Italian children attending urban schools was equal to 1.7×103 ± 8.1×103 mm2: the 
corresponding daily dose for children attending rural schools was considerably lower and similar to the value 
determined for Australian children, of about 5.0×102 ± 4.0×102 mm2. 
 
  
a)      b) 
Figure 1: Average particle number concentration trends vs. background particle number concentrations 
for children attending a) urban and b) rural schools. 
 
 
The results of this work show the importance of individual exposure assessment, in order to provide information 
for the protection of public health, especially for children who represent one of the most vulnerable groups in 
society. 
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